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Executive Suinmary

This proposal is for a 34-credit, online and mixed mode delivery, multidisciplinary
Master of Science degree program in Data Science & Analytics (DSA) at MU. The
proposed degree will prepare students with different academic backgrounds to become
productive data scientists in Missouri and regionalty connected industries, The degree
program proposed reflects the diversity of the emerging field of data science by offering
emphases in several different related disciplines in advanced data science involving Big
Data. It also addresses the MU strategic goals of “implementing innovative curricula that
feature MU’s interdisciplinary approach to problem solving” and “rectuit and retain the
best traditional, nontraditional, and distance students.” This proposal is the result of a
2014 Mizzou Advantage Grant to the authors. -

The program will not require new institutional funding as it is structured to be self-
supporting by offering the degree online to a broad audience through Mizzou Online.
This degree closely resembles a professional degree, with an estimated time fo degree of
18 to 24 moenths and an approximate total cost of $35,000 tuition and fees. The financial
structure of the proposal follows the University of Missouri’s online degree program
funding model for returning fees to the Data Science and Analytics program.

The proposal to offer an M.S. program in data science and analytics is based on the
following needs:
e Missouri Employer needs for highly skilled data science professionals
¢ The State of Missouri’s need to maintain a workforce that is competitive for
high quality jobs in a global marketplace
e Data Science is an emergent discipline that, by its nature, integrates traditional
disciplines. This program is a formal mechanism to leverage prior investments
in the computing disciplines across campuses and colleges within each campus.

The proposed program is financially feasible, and will be net-revenue positive by the end
of the second year; and completely self-sustaining from year two onward. Market
research suggests that data scientists will be the in great demand for the foreseeable
future, and the supply of qualified graduates with in-depth technical data science skills is
far outpaced by this demand.

The program has already developed a wide set of industry partnerships to form a
comprehensive industrial advisory board as witnessed by the support letters included in
this proposal. It will continue to leverage these relationships for both student
recruitment, as well as allowing students to work on real-world problems from their
chosen emphasis area, This aspect of the program will be a differentiator between the
MU DSA program and similar data science or analytics programs throughout the country.

Lastly, the program is designed in such a way as to allow “emphasis areas” from the three
other UM campuses. Initial conversations with the faculty at all three camnpuses suggest
strong interest and there are plans to begin offering courses from other institutions as
soon as the foundational program at MU is up and running. Leveraging the resources
from all four campuses is one of the unique advantages of this new Masters program.
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1, Introduction

“Transformative uses of data are just around the covner. Precision medicine and other
forms of smarter health care delivery, individualized education, and the “Internet of
Things” are just a few of the ways in which innovative data science applications will
transform our future.” — DI Patil, US Chief Data Scientist!

Data science is a rapidly blossoming field of study and career with a highly
multidisciplinary characteristic. The confluence of big data, massively powerful cloud
computing platforms, and need of businesses from all sectors to leverage their data
repositories has created a high-growth environment and demand for data scientists. Data
scientists routinely jeverage tools and techniques from computer science, information
systems, advanced statistics, and machine learning. To satisfy the growing need for data
scientist who can transform large collections of data into actionable decision making
products for their employers, we are proposing the Master of Science in Data Science and
Analytics.

This multidisciplinary Data Science and Analytics (DSA) degree program will consist of
34-credit hours of learning in the online and mixed mode format in which students will
visit campus one time each academic year for an intensive on site learning experience.
The academic program will consist of 19 credit hours of core, fundamental data science
courses; followed by 9 credits of emphasis area specific courses and 6 credits of industry
relevant case studies and capstone project courses.

Data Science is an emerging discipline that, by its nature, integrates traditional
disciplines. The proposed degree program will leverage prior investments in the
computing disciplines across campuses and colleges within each campus. The MU
Informatics Institute will coordinate this collaborative degree program by leveraging
existing courses from Computer Science, Journalism, and Information Science &
Tearning Technologies Departments to deliver the various core and emphasis area course.
Existing courses will be adapted to the online format, and new courses that are properly
focused and structured for the DSA program will be developed. '

“Medical researchers are now building analytic tools that turn raw data into actionable
intelligence. Some are conducting vast surveys of vital statistics; others are mining
existing databases of medical treatments and outcomes. They re looking for patierns, and
the hope to find the best ireatments for your specific case of your specific ailment.” -
Special Report: “Hacking the Human OS: How Big Data Will Transform Medicine and
Health”, IEEE Spectrum, June 2015

1 https://www.whitehouse.gov/blog/2015/02 /19 /memo-american-people-
us-chief-data-scientist-dr-dj-patil
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Data Science and Analytics represents the single greatest opportunity to develop a highly
skilled workforce in a generation and to gain a long-term economic advantage for the
state. To assure the State of Missouri can capture its fair share of this expertise and
economic opportunity, we plan to offer a Masters degree program in Data Science &
Analytics (DSA).

The proposed M.S. program in data science and analytics will address these needs:

e Missouri employers’ needs for highly skilled data science professionals

e The State’s need to maintain a workforce that can compete for high quality jobs in a
global marketplace.

The DSA program will be guided by an Executive Director, an Industrial Advisory
Board, a University of Missouri Advisory Board, and two operational co-directors. The
Director of Academic Program for DSA will coordinate the course content and delivery
standards among the various academic departments and campuses to ensure a consistent,
high-quality, rigorous degree program. The Director for Outreach and Industry Relations
will focus on external development and collaboration with industry and business partners.

The two Co-Directors will work closely together to assure the program is financially
sound and to continually improve and enhance the program. They will ensure current and
relevant technologies are readily available for course instructors to integrate into learning
modules so that students receive training on the latest tools, techniques, and technology.
The necessary program startup costs have already been secured by the Executive
Director, and the program will be financially self-sustaining after the first year (see
Section 3.B for full financial models, including costs and expenses).

2. Fit with University Mission and Other Academic Programs

2.A, Alignment with Mission and Goals

The proposed degree program will contribute toward a number of goals at the
departiment, college and campus levels. The proposed program aligns with these from
MU?’s Strategic Operating Plan available at: http://strategicoperatingplan.missouri.edu

1. Strengthen interdisciplinary and experiential learning for Mizzou’s undergraduate,
graduate, and professional students:

1.1. Grow undergraduate and graduate collaborative and interdisciplinary research
and creative activity with faculty by supporting a data-heavy community that
allows all faculty and students the chance to see the benefits of Big Data
research, education, and implementation.

1.2. Implement innovative curricula that feature MU’s interdisciplinary approach to
problem solving. The proposed program will use a “modularized” course
delivery model to leverage existing courseware from various disciplines and add
substantial Big Data analytics components to each course for the state-of-the-art
technology used in the industry.
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2. Recruit and retain the best traditional, non-traditional and distance students, as well as
the best faculty and staff. The DSA program will provide data analytics training
opportunities for graduate students in traditional degree programs to increase their
marketability in both academic and industrial sectors. This will attract students who
will select MU’s traditional programs over others and promote MU’s strategic goals:
2.1. Encourage and reward effective interdisciplinary work by faculty and staft by

providing adequate faculty compensation and creating an administrative
infrastructure to support several disciplines and areas.

2.2. Optimize faculty impact in teaching, research, outreach, and economic
development by providing atmospheres of collaboration between faculty,
students, business, and industry; by creating teaching opportunities for current
PhD students; and by increasing the University’s AAU profile through the
integration of cutting edge research, online education, and transformative
community outreach.

3. Ensure that MU’s revenue model allows for strategic investments and leverages
MU’s strengths to drive state and regional economic development. The DSA Masters -
is in a unique position to meet state, national, and international market demand by
offering an onfine and mixed-mode delivery method. The program allows for
additional emphasis areas to be added in the future, which will increase net revenues,
as well as provide data analytics services to the private sector.

We propose to implement innovative curricula that feature MU’s interdisciplinary
approach to problem solving. The proposed program will use a “modularized” course
delivery mode! to leverage existing courseware from various disciplines and add
substantial Big Data analytics components to engage state-of-the-art technology used in
the marketplace.

The proposed program will recruit and retain the best traditional, non-traditional and
distance students. We will provide data analytics training opportunities for graduate
students in traditional degree programs to increase their marketability in both academic
and industrial sectors. This will attract students who will select MU’s traditional
programs over others because of this data analytics training opportunity.

The proposed DSA Masters will help to recruit, develop, and retain faculty and staff to
promote MU’s strategic goals. TFirst, we will encourage and reward effective
interdisciplinary work by faculty and staff by providing adequate faculty compensation
and creating an administrative infrastructure to support several disciplines and areas.
Second, we will optimize faculty impact in teaching, research, outreach, and economic
development by providing atmospheres of collaboration between faculty, students,
business, and industry. We will create teaching opportunities for current PhD students,
and increase the University’s AAU profile through the integration of cuiting edge
research, online education, and transformative community outreach.

Sustainability is essential to ensure that MU’s revenue model allows for strategic
investments and leverages MU’s strengths to drive state and regional economic
development. The DSA is in a unique position to meet state, national, and international
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market demand by offering an online and mixed-mode delivery method. The program
allows for additional emphasis areas to be added in the future, which wiil increase net
revenues, as well as provide data analytics services to the private sector. Those that
might not be able to afford a full time data scientist may still benefit from the skilis of
MU faculty, staff, and students. As the program grows from its inception at MU, toward
integration with other campuses, there will be emphasis areas centered at UMSL, UMKC
and S&T. We describe these partnerships in more detail later in the proposat.

2.B. Duplication and Collaboration Within Campus and Across System

Even though the media has concentrated on Big Data as it pertains to business, virtually
all parts of the economy are seeing the benefit of using Big Data for new knowledge and
discovery. MU is in a unique position to leverage ils research strengths across many
disciplines, including health care, veterinary medicine, life sciences, journalism,
geography, natural resources, eduncation, and computer science. Students will have the
opportunity to receive advanced training in data science that is transferrable across
disciplines; AND study in depth in their particular emphasis area. By building upon
existing expertise in these fields, MU can be a leader in data science training.

Compared with other programs around the US, the proposed DSA Masters at the
University of Missouri features emphasis areas that are specific to industry vertical ,
specializations. The opportunity to apply data science in the context of a particular set of
domain specific problems takes advantage of the strengths across the University of
Missouri. '

Currently, no public institution in the state of Missouri offers a Masters in Data Science
and Analytics. There is a business focused Masters program at St. Louis University, but
this program provides an education at a level of abstraction “up” from computing. Its
target student population has less technical knowledge than students targeted by the
proposed DSA Masters, Similar, Missouri University of Science and Technology is part
of a distance and continuing education program centered in business and information
technology.

The S&T program could, in fact, offer an emphasis area in the DSA Mastets at some
point, and we have initiated these conversations with folks operating that program. The
S&T Certificate Program is the closest offering to the proposed DSA Masters, but S&T
lacks the vertical domain integration and computing education breadth of this proposed,
integrated Masters program. It is also true that a certificate program is less
comprehensive than a Masters program, Truman State University offers an online
graduate certificate in Data Science as part of their distance learning initiative. Missouri
State University is in the initial stages of creating an emphasis area for business analytics
in the College of Business for Management undergraduates. :

There are a few programs that have similar organizational structures to the proposed DSA
Masters, but which, upon careful review of the curriculum, do not compete in the same
market space at all. These include the Executive MBA Program at MU, the HMI Masters
program at MU and the Masters in computer science offered by MU. Potentially

December 10-11, 2015
OPEN — AS&EA 2-9




duplicate programs, which we have evaluated as serving distinct, different markets, are
presented in the table below.

Institution Program Degree On-line | Emphasis
St. Louis University | School for M.S. in Applied No Business School
Professional Studies | Analytics Focus
Missouri S&T Distance and Graduate Yes Business School
' Continuing Certificate and Computing
Education Focus
Truman State Distance and Graduate Yes Computation &
University Continuing Certificate Statistics
. Education
Missouri State [planned] Emphasis Areain | No Business School
University College of Business | Undergraduate
Management
Collaboration

The DSA program plans to recruit professionals from different industries, as noted in our
letters of support and advisory board. MU Campus collaborators include the School of
Journalism, the School of Information Science and Learning Technologies, the College of
Engineering, and the MU Informatics Institute. We will also be working with other UM
System Campuses, including UMSL, S&T and UMKC. This program will train students
to handle peta-scale raw data sets and convert them into actionable decisions using the
state-of-the-art Big Data technologies with industry-driven problems. It is fundamentally
different from traditional computer science programs, which mainly focus on algorithm
design and software development. It is also different from informatics programs that are
domain driven in either biology or health care without data-intensive training. The
student populations are significantly different between the proposed DSA program and
existing programs.

Although this proposal is focused on the MU campus to ensure timely offering of the
degree program, we have been working with the three sister campuses in the University
of Missouri System to allow maximum leveraging of existing faculty, expertise, and
resources to eventually achieve a UM-System collaborative degree. The logistics in
offering a system-wide degree program would require substantial efforts that would delay
the initial offering of the degree program. Based on the inputs from our sister campuses,
the structure of the proposed degree has been designed to enable the other campuses to
participate — fikely by offering additional emphasis areas and providing modules for the
core courses.

Potential emphasis areas include healthcare from UMKC, business analytics from -
Missouri S&T and UMSL. Since October 20135, four campuses have been collaborating
in developing intercampus courses and sharing curticulum in the area of Big Data
analytics fostered by the UM System. Once the DSA program is launched in Fall 2016
from MU campus, we will start working on new emphasis areas with our sister campuses
based on the year-long collaboration in intercampus course development and sharing.
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3. Business-Related Criteria and Justification
3.A. Market Analysis
3.A.1. Need for Program

“Advances in information fechnologies are transforming the fabric of our society and data
represents a transformative new currency for science, engineering, education and commerce.”
“The work we do today will lay the groundwork for new enterprises, promote economic growlh,
improve our citizens’ quality of life, and fortify the foundations for U.S. competitiveness for
decades to come.” - Farnam Jahanian, NSF “Big Data” Congressional Briefing, May 2012

Companies determine where to locate new businesses and business expansions only after
considering the availability of an appropriately skilled workforce. Companies like
Cerner, ExpressScripts, MasterCard, and IBM have located all or part of their firms’ big
data efforts in Missouri because of our strong, foundationally skilled workforce. In many
~ respects, Missouri workers are highly skilled, lower cost alternatives to workforces on the
cast or west coasts of the USA. However, the “big data” skills and knowledge that are in
high demand in the workforce are lacking, and Missouri needs to build its own workforce
because we are not a high amenity state, and therefore cannot expect to draw substantial
numbers of highly skilled data science workers from other regions, A Masters in Data
Science and Analytics is an essential step to maximize entrepreneurship and corporate
relocation and fill the demand for highly skilled data scientists in Missouri’s future.

Big data, machine learning, and predictive data analytics have been hailed as the fourth
paradigm of science - allowing researchers to extract insights from both scientific
instruments and computational simulations. Machine learning has yiclded new insights
into health risks and the spread of disease via analysis of social networks, internet search
queries, and hospital data. It is also vital in areas as diverse as high-energy physics and
molecular biology. The US Bureau of Labor Statistics (bls.gov) predicts that over 50,000
new, highly skilled data science positions will be created over the next decade in the
USAZ. However, at present Missouri is projected to garner less than 100 of these jobs?
annually. Our cutrent labor force is surely a significant factor. More of these great jobs in
the future of data science are surely Missouri’s for the taking, if we can build up our own
workforce.

As with successive generations of other large-scale scientific instruments, each new
generation of advanced computing brings new capabilities, along with technical design
challenges and economic trade-offs. Broadly speaking, data-generation capabilities in
most science domains are growing more rapidly than compute capabilities, causing these
domains to become data-intensive. High-performance computers and big-data systems
are tied inextricably to the broader computing ecosystem and its designs and markets.
They also support national-security needs and economic competitiveness in ways that
distinguish them from most other scientific instruments.”

2 hitp://www.bls.gov/careeroutlook /2013 ffall /artQ1.pdf
3 hitps: //fwww.missourieconomy.org/
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If Missouri is to maintain and grow its significance in this new economy the proposed
Masters degree in Data Science and Analytics is an essential component in Missouri’s
workforce development strategy. The proposed Masters degree in Data Science &
Analytics is designed to provide students the necessary knowledge and skill sets across
various disciplines needed to meet the high industry demand for data scientists. All
students wili take “Core Courses” that provide a foundational learning and introduce
state-of-the-art technology in Big Data, database design, data cthics, and visualization of
high-dimensional and high-volume data.

A 2011 study published by the McK insey Global Institute indicated that by 2018 the US
could face a shortage of as many as 190,000 workers with “deep analytical skills”. The
study also predicted a work-force gap of 1.5 million managers and analysts with the skills
to decipher and translate data patterns for decision-making, Leading state universities in
states that have previously succeeded in growing new jobs in the technology sector are
already taking action to meet these labor market demands. In January, 2014, the School
of Information at the University of California at Berkeley started what is billed as the first
all-online Masters degrec in information and data science. In Fall of 2014, the University
of Indiana began offering a Masters in Data Science to residential students. Our mixed-
mode delivery model captures the value of a University of Missouri campus experience,
and identity cohorts while maintaining the flexibility required of working professionals.

Many industries are experiencing two momentous shifts: first to cloud-based
cyberinfrastructure and second to big data driven business analytics. The convergence of
these trends in nearly every industry that relies on computational systems for competitive
advantage has solidified the need for a new generation of data scientists who are
positioned to exploit tomorrow’s computational infrastructure for business intelligence.
This requires a unique foundational skill-set from a variety of disciplines including
informatics, computing and information sciences, statistics, and more. The Data Science
& Analytics program will position the University of Missouri as a leader in the training
and development of data scientists in the region, the nation, and potentially
internationally based on the mixed-mode course delivery and program structure. The
Data Science & Analytics program will offer Missouri companies a local resource of
highly trained data scientists, thereby advancing their competitive position and thus
providing economic benefits to the state.

3.4.2 Benefits to the State of Missouri
University System Benefits

The very nature of data cuts across academic disciplines, allowing for multiple
collaborations and expanded potential for knowledge discovery. The proposed degree
structure allows for future growth - emphasis areas to be added to meet the expanding
analytic needs of not only the university, but also business, industry, and government. As
the program develops, other campuses of the University of Missouri are expected to
patticipate and offer degrees through this program. The proposed degree will help create
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a community of faculty from Engineering, Journalism, Education, and other disciplines
dedicated to big data and analytics and interested in graduate level Data Science and
Analytics education. At present there is no locus for interaction related to graduate level
DSA education within the University of Missouri System.

Research, Teaching and University System Benefits

The proposed DSA Masters has a number of positive benefits for the University of
Missouri system’s business model. For example, this program will enable the University
to hire highly skilled data scientists for university oriented business development.
Bringing Data Science fo each campus in the UM System would provide a significant
competitive advantage for Missouri business and industry, state agencies and universities
and thus enhance the state’s economic development.

To achieve these benefits, we will develop a clearinghouse (online or otherwise) for

matching research projects with DSA Masters students’ Case Study and Capstone studies.

The aim is to bring Big Data Analytics to campus wide activities. Specifically, these

types of capacities will include:

e Data Recon (What data do we have? What is the quality of the data? What's the fit
between the data a scientist has and the questions a scientist has?)

e Data Janitorial (Cleaning and staging the data for analysis)

¢ Data Structuring (Reshaping the data to support analysis, exploration and
visualization)

¢ Visualization (Presenting the data to customers, stakeholders and the public)

The key opportunity is building a capacity for people to work with the messy,
unstructured data and produce useful analytics based on this type of data. This has
benefits to Industry that have an interest in processing and making sense of data from
social media, discussion forums or other online environments, Essentially, we would be
building a data intensive computing resource focused on messy data problems.

Educating Missouri’s Students

To understand real world Big Data issues in context, students will select three courses
within an emphasis area. This offers in-depth analyses and training on data analytic
techniques, issues, and problems students will face within a given concentration arca.
Students will take a Case Study course to gain hands-on experience with large data sets
and use the latest technology and techniques. A Capstone project will then enable them to
refine and demonstrate the knowledge and skills they learned throughout the program.
Both courses will provide students with mentoring from faculty, as well as insight from
industry partners.

We propose to offer a 34-credit, online and mixed mode (courses with one campus visit
per academic year) delivery, multidisciplinary Masters degree program in Data Science &
Analytics (DSA). The proposed degree will prepare students with different backgrounds
to become productive data scientists in Missouri and regionally connected industries.

The degree program proposed reflects the diversity of the emerging field of data science
by offering emphases in several different disciplines in advanced data science involving
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Big Data. This degree closely resembles a professional degree, with an estimated fine fo
degree of 18 to 24 months with an approximate total cost of $35,000 tuition and fees.
The financial structure of the proposal follows the University of Missouri’s online degree
program funding model for returning fees to the Data Science and Analytics program.

Letters of Support

We have received numerous letters of support from industry partners and colleagues, who
indicate that they would leverage the DSA Masters for their own firm’s workforce
development. Consistently, our parfners express gratitude for the endeavor we have
undertaken to increase the availability of a technically skilied data science workforce.
They acknowledge the huge and surging demand for data scientist in the age of big data;
where data is transforming so many industries. Our industry partners from consulting
entities, such as KPMG, Deloitte Consulting, and Silicon Valley Data Science have
highlighted the trend of increasing importance of data science for there customers to
mainiain competitive advantage.

Letter Writer  {Role Industry Affiliation
Harlen D. Hays  [Sr. Manager, Quantitative Research and Cerner
Biostatistics

Genomics Lead, Seeds and Traits R&D
SVP and Chief Technology Officer

Solution Architect

Rounsley, Steve Dow Agrosciences

Glen Schuster Centene

Heather Nelson Silicon Valley

Data Science

Paul Pancoast Deloitte Consulting

Chase Davis Deputy Editor, Interactive News New York Times
John Lee Director, Data & Analytics KPMG
IBM Chicage Cloud Academic, Entrepreneur  ([BM

Valinda Kennedy

and Developer Gladiator

[Tom Henry

Chief Data Officer & VP

Express Scripts

Don Etling

Senior Vice President/Senior Partner

Fleishmanllillard

“We are living in an era of tectonic shifts in the way information is
conveyed and received. ... [ feel it is vital for the University of Missouri —
whose cornerstone is the world's preeminent school of journalism —to be
fully engaged in this mission-critical discipline.”

Don Etling

Senior Vice President/Senior Partner

FleishmanHillard, Inc.
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« . we have seen first-hand the march that organizations [are making] from
data naive, to have analytics drive their decision making."

John H Lece, PhD

Director, Data and Analytics

KPMG LL?

We receive similar sentiment from our industry partners who are focused in particular
business sectors such as biomedical, journalism, and computing. Each of our partners
sees the emergence of data science as the next wave of transformation for their industry,
similar to the disruptive nature of the Internet on businesses in the previous decades.

"Through collaborations between Cerner Corporation, the University of
Missouri, and the Tiger Institute we have identified the criticality of turning
data into action. As this need continues to grow, it will require a diverse
workforce with a specialization in Data Science to help disrupt the global
Health Care crisis. This workforce will be developed through specialized
programs such as the proposed Masters in Data Science and Analytics
degree at the University of Missouri ... "

Harlan Hays

Sr. Manager, Quantitative Research and Biostatistics

' Cerner

3.A.3. Student Demand for Program

Previously outlined labor market analysis, technology industry analysis and the strong
letters of support from industry advisory board members demonstrate there is a market
need for the proposed program. Specific projections are presented in tables la, Ib and
le. -

Table La. Student Enrollment Projections (anticipated total number of students
enrolled in program during the fall semester of given year).

Year 1 2 3 4 5
Full-Time - 40 90 100 110 140
Part-Time 0 0 0 0 0
Total 40 90 100 110 140

Table 1b. Student Enrollment Projections (anticipated number of students enrolled
during the fall semester of given year who were new to campus).

Year 1 2 3 4 5
Full-Time 40 50 50 60 80
Part-Time 0 0 0 ‘ ] 0
Total 40 50 50 60 _ 80
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Table 1c. Projected Number of Degrees Awarded

Year 1 2 3 4 5 6 7 8 9 10
# of Degrees 0 49 50 50 60 80 100 | 100 | 100 | 100
Awarded

3.B. Financial Projections

.3.B.1. Additional Resonrces Needed
Our budget outlines a need for a website, soine space renovations and computing
equipment for the co-directors. There is also a budget for staff, supplies and marketing.
These costs are justified as usual and customary costs for operating a degree program at
MU. Our budget projects that these costs will be well covered by program revenue.

3.B.2. Revenue

Revenue needs will be met through base tuition, and program differential fee outlined in
the financial projections. The per-credit hour fees include 354.25 in tuition and a 682,11
differential fee. Our total revenue year one will be $663,267.84, based on the enrollment
projections in table Ta; increasing to $2,374,108.95 in year five,

3.B.3. Net Revenue!
In year two, we project $736,518 in net revenue; by the end of year five, the annual net
revenue will be approximately 1.2 million dollars.

In addition to the $663,267.84 in projected first year revenue, the Executive Director of
the proposed Masters degree in Data Science and Analytics has secured both internal and
external funding to start-up of the program. Internal support included a 2014-2015
Mizzou Advantage grant for $80,000 to develop Core Courses. In 2014, Dr. Shyu was
also awarded $600,000 from the Nationa! Science Foundation to acquire high
performance supercomputing equipment. This is only a part of the computing and
network research cyberinfrastructure that will support Big Data analytics, research, and
teaching activities. These investments have helped pave a solid foundation for the startup
of the DSA program. It also conveys the commitment to, and appreciation of the need for,
the proposed degree program, and the willingness of federal funding agencies to pariner
in helping increase the data science knowledge and skills abilities of Missouri’s
workforce. Next, we outline the costs the are deducted from gross revenue to arrive at net
revenue. :

One-time start-up funds will be required in the first year to gradually cover faculty
funding and space requirements, including online delivery facilities, office renovations
initial administrative costs. We have allocated $146,000 for Year 1. These funds include
$111,000 in space renovations and $15,000 for an initial Website design and deployment.
Additionally, funds for equipment will cover the cost of office computers and equipment
necessary for conducting business operations.

4 For more details, please see the DSA Masters Budget Worksheet
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Recurring expenses are associated with the day-to-day operation of the program,
instructional costs, cloud computing infrastructure for student projects, website and
marketing, and staff positions. The current faculty and GTA costs are tied directly to the
number of students projected into the program, and will vary with enroliments. Staff and
Director positions are set to be relatively stable over the startup period to ensure
continuity in the development of a world-cfass Masters in Data Science and Analytics.

Personnel cost includes (1) Administration (Executive Director, Co-Directors), (2)
Supporting Staff (academic advisor, fiscal staff, and cyber engineer), (3) Teaching
Faculty, and (4) Graduate Teaching Assistants (GTA).

Administration; The Executive Director is currently supported by the MU Informatics
Institute. Therefore, no budget is requested. The Co-Directors will be funded 50% of
salaries, including benefits, to support their efforts to lead the operations of the program.
$162,444 is based on current compensations of Drs. Sean Goggins and Grant Scott.

Supporting Staff: To support student activities, an Academic Advisor ($55,000 annual
salary) is budgeted at 0.5 FTE in Year 1 and 1.0 FTE Year 2 and beyond. The budget
includes $20,000 for a half-time (0.5 FTE) fiscal officer. A full-time $40,000 position
will be half-funded by another interdisciplinary program, such as MU Informatics
Institute. To provide proper cyberinfrastructure for Big Data analytics, a 0.5 FTE cyber
engineer is budgeted to provide cloud environments, both commetcial (Amazon.com,
Google, IBM, etc.) and in-house (campus computing) with a $70,000 annual salary
($35,000 budgeted). To accommodate the expected enrollment and program growth, the
cyber engineer position will transition from 0.5 FTE to 1.0 FTE ($80,000) in year 3 and
beyond.

Teaching Faculty: To ensure delivery of core courses, the DSA program has allocated
funding for six instructors ($10,000 per course plus benefits) per year (total of around
$80,000 per year). These instructors will work with the Co-Directors and emphasis arca
Associate Directors to ensure that their courses meet the Big Data and analytics rigor the
program requires.

GTA: Graduate students associated with the program may be supported by graduate
teaching assistant funds. We will recruit top-notch doctoral students from emphasis arca
programs (Informatics, Computer Science/Engincering, Journalism, and Information
Science) to serve as Graduate Teaching Assistants (GTAs). One quarter-time (0.25 FTE)
GTA will be assigned to a course for every 25 students. The approximate monthly salary
is $1000 for a 0.25 FTE GTA. This rate reflects the need of including student insurance
and other fees. The GTA budget in Year 1 is $54,000 as budgeted and in the following
years $126,000 is the annual cost for GTAs. These collaborative efforts among
participating academic units and the DSA program will enhance MU’s AAU metrics,

Cloud Computing: Cyberinfrastructure for course learning and projects will be partially
subsidized through partnerships and programs with key industry partners. Using MU’s
alumni network, we have worked with major commercial cloud providers, such as
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Amazon.com and Google, to achieve discounted rates and free resources for the students.
We have budgeted $1000 per student annually to support the computing needs, and to
help fund the depreciation/maintenance costs for our local high performance computing
clusters.

Operating: $20,000 annual budget is allocated to support basic operations for the DSA
main office including copies, meeting materials, week-long residential activities, etc. We
have budgeted $75,000 for marketing in each of the first five years.

Professional Development: Due to the nature of fast-evolving technologies in Big Data
analytics, it is essential to allocate funds ($15,000/year) to ensure that relevant faculty,
staff, and GTAs have the nccessary ongoing training in emerging data science techniques
and technologies. These funds may help pay for Big Data and analytics conferences,
workshops, and materials; and help bring outside experts to campus for more cost-
effective onsite training.

Web Design and Promotion Materials: The DSA program differs from traditional degree
programs in terms of recruitment, Because the prospective student is ‘online’ we will rely
heavily on web-based promotion and electronic media to attract students and industry
partners. Budget for these materials fall under the $75,000 marketing budget.

Mizzou Online Overhead: Because of the program’s online delivery mode of instruction,
all courses will be administered through Mizzou Online. The Mizzou Online tuition rate
is equal to that of an in-state graduate student, or $354.25 per credit hour (§1062.75 per
three-credit course). To offset the additional expenses involved in offering a highly
technical and resource heavy program, students will also be charged a $682.11 per credit
hour differential fee. To compensate for online delivery setvices, Mizzou Online will
receive the standard 40% return on the Mizzou Online tuition rate ($425.10 per 3-credit
course, which breaks down as 25% to Mizzou Online directly, and 15% through Mizzou
Online to the Provost), while the program will receive 60% of the Mizzou Online tuition
rate and 100% of the differential fee. This combined tuition and differential fee is
competitive with other online data science programs.
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3.B.4. Financial and Academic Viability
Table 3.b.a. Financial Projections for Proposed Program for Years 1 Through 3.

Year 1 Year2 Year 3 Year 4 Year 5
1. Expenses per year
A, One-time
New/Renovated Space | $111,000
Equipment | $20,000
Initial Web Design/Build |  $15,000
Total one-time | $146,000 50 50 30 50
B. Recurring
Faculty | $81,222 $82,846 $85,128 $87,467 $89,866
Co-Directors | $162,444 $165,692 $170,256 $174,933 $179,732
Staff | §74,454 $75,943 $137,472 $141,249 $145,124
GTA | $54,000 $123,930 $137,700 $156,060 $174,420
Equipment $0 $0 $0 $0 $0
Operating | $20,000 $20,000 $20,000 $20,000 $20,000
Mizzou Online Overhead | $90,687 $219,349 $250,186 $281,955 $324,6006
Professional Development | $15,000 $15,000 $15,000 $15,000 $15,000
Marketing | $75,000 $75,000 $75,000 $75,000 $75,000
Computing | $40,000 $90,000 $100,000 $112,000 $140,000
Total expenses (A+B) | $758,806 $867,761 $990,741 | $1,063,665 | $1,163,747
2. Revenue per year®
Tuition & Differential Fee | $663,268 | $1,604,279 | $1,829,811 | $2,062,170 | $2,374,109
3. Net revenue -$95,539 $730,519 $839,070 $998,505 | $1,210,362
4, Cumulative Revenue —$95,539 $640,980 | $1,480,050 | $2,478,555 | $3,088,917

Table 3.b.b. Enrollment at the End of Year 5 for the Program to Be Financially and

Academically Viable.

Enrollment Status

Full-Time

Part-Time

Total

Number of Students

50

0

50

5 The DSA Masters Budget Workshee, in Appendix C includes a detailed breakdown for these revenue
projections. Most simplisticaily, they are (number of students) X (Number of Credits) X (Tuition +

Differential Fee).
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3.C. Business and Marketing Plan: Recruiting and Retaining Students

Program marketing will focus on regional and national data science centers. Regionally,
we will focus data science markets in the state of Missouri (KC, St. Louis and
Springfield), Chicagoland, Oklahoma (Tulsa), Arkansas (Wal-Mart), Tennessee
(Nashville) and Kentucky (Louisville and Cincinnati metro). National markets we will
focus on are Washington D.C., New York City, San EFrancisco, Minneapolis, Dallas,
Phoenix and Atlanta.

Our marketing will be delivered through three main channels:
1. Internet Search
e Google Adwords will be purchased, driving focused candidate students to our site
e A Website for the program will be developed and include search engine
optimization to make our program be returned in the first few items for searches
on “Data Science” and “Data Science Education”.

2. Vendor displays at key national / international industrial and international
conferences
o Example: Techweek conferences in Chicago and Kansas City, and other cities

0 Techweek is a conference series that moves through six cities each year,
showcasing entrepreneurship, innovation, and emerging technologies.
0 Big data related companies and technologies are a constant theme at
Techweek conferences
e Various industry leading cyberinfrastructure providers hold conferences, such as
Amazon's AWS:relnvent, These conferences are network with working
professionals within the larger data science and analytics community.

3. Alumni publications reach a wide variety of Mizzou alumni.

Many colleges have specialized alumni publications, as well as the general alumni
publications. These publications represent a very specific audience with already existing
ties to the Mizzou community, and in some cases the college/department responsible
whom are delivering the emphasis area DSA courses.

Table 1a, in Section 3.A.2 shows our initial five-year enrollment projections. The DSA
Masters program is designed to be a technically rigorous degree, allowing our graduates
io continue evolve as data scientists throughout their careers. Word-of-mouth among
graduates, and their management, wil build the reputation of the program; thereby
creating a culture of advocates in the industrial segment.

As the program matures, we will maintain a program website with update news and
events, as well as an electronic alumni and industry partner newsletter. We will continue -
to establish a vendor presence at relevant conferences that have demonstrated good
applicant leads.
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We have budgeted $75,000 for marketing in the first 5 years to cover the cost of the
marketing activities as described above. The marketing budget will be allocated at the
discretion of the Co-Directors, The budget in Section 3.B, includes this allocation, as well
as a steady-state marketing effort in the out years for continual electronic publications
and participation in select Big Data related conferences. :

The DSA Program is designed as an Executive-style degree for working professionals
with its mix-mode delivery of mostly online classes and yearly campus visits. We will be
leveraging modern online collaboration tools to ensure students stay engaged with the
instructors and their cohort students {classmates).

We are structuring the program as follows to ensure the program is optimally aligned to
the typical working professional participating in online courses.

e 8 week courses
o During a standard UM semester, an online course will start on the 1st, 5th, and
9th week of the semester
0 =3 courses per semester
o The working students can focus on at most two active courses at any one time.
e Courses organized into learning modules that foster a learning community among the
cohort class.

We will work with our industry and academic emphasis area partners to build a world-
class, rigorous program, which is self-sustaining. The Director of Outreach and Industry
Relations will work with our industry partners to find excellent students within their
organizations, whose DSA tuition cost may be fully or partially subsidized by the company.
Additionally, through continual professional networking among the program Directors,
Industry partners, and program alumni; we will leverage a network of advocates to recruit
students to the program. The various associated DSA faculty, including core courses and
emphasis area faculty, will leverage their networks to advocate the program and attract
qualified students. Our continuous marketing efforts and the reputation for producing
quatity graduates will ensure we achieve and consistently maintain our entrollment goals.

4, Imstitutional Capacity

Financial:

The DSA Program will be financially self-sustaining, as can be seen in the Section 3.B
Budget. The potential student pool for the program is not limited by campus physical
presence, as the program is an online degree for working professionals. This drastically
increases the number of potential students, as they may participate in the course from
anywhere in the Missouri, the country, or even the world. The program costs each student
pays will adequately support the expenditures of the program for said student.

Faculty:
There is faculty available to teach the core courses in the first year, and emphasis arcas
have committed faculty resources for years two and beyond. Longer term, we aim to target
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cluster hires supported by Mizzou Advantage or MUSOP, for both core courses and the
emphasis areas.

5. Program Characteristics

5.A. Learning Qutcomes

Graduates will be able to individually acquire and stage large data sets, design and
conduct experiments, and analyze results for complex data analytical problems using
their foundational and specialized data science tools and techniques; taking a problem
from conceptualization stage through to the production of data-derived business
intelligence.

The special skills the graduating students will acquire or possess include:

o Real-world experience in applying state-of-the-art data science tools and
techniques to solve industry, academic, and/or business data and decision-making
challenges.

e A clear understanding of the ethics and security mechanisms required to
safeguard large-scale data collections that contain sensitive and critical
information.

e A comprehensive understanding of modern data analytics, statistical analysis, and
visualization tools that facilitate timely, large data analysis.

e A solid foundational understanding of database systems, database design, and
information retrieval; allowing exploitation of a broad spectrum of data
repositories and streaming data systems,

e A demonstrated ability to effectively communicate fo a broad audience the
relevant information derived from large data collections using a variety of
visualization and presentation methods. Students will be able to convey the
meanings behind specific data analysis techniques to audiences of various
technical knowledge.

e Training in the latest data analytic methods and tools; including fundamental and
advanced statistical and mathematical principles upon which advanced data
analysis techniques are built (machine learning, pattern recognition, data mining,
etc.). '

e Specialized, advanced training in a chosen Emphasis Area, such as biotechnology,
high-performance computing, strategic communications, human centered data
science design, etc.

5.A.1 Emphasis Area Learning Objectives
In this proposal learning objectives are included for all four emphasis areas. Additional
emphasis arcas may be developed at a later time.

1. High Performance Computing Emphasis Learning Objectives

Graduates of the Master of Science in Data Science and Analytics who pursue the High
Performance Computing (HPC) emphasis area will achieve the following educational
objectives, in addition to the core program objectives while becoming immersed in Big
Data computational ecosystems.
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o Students will have an in depth understanding of the state-of-the-art technologies
which enable big data analytics and high performance computing; such that they can
successfully investigate the data and analytical needs, then guide the decision making
process on deployments into HPC infrastructure.

e Students will acquire knowledge to exploit cloud-based computing infrastructure,
including virtualization, distributed architectures, on-demand resource scaling,
container technology, and other cloud-based computing concepts in support of Big
Data management, processing, and analytics.

o Students will have a thorough understanding of advanced technologies-and techniques
in Big Data analytics which facilitate the extraction of new data intelligence using
state-of-the-art, leading analytical platforms.

e Students will gain a solid understanding of techniques for exploiting advanced co-
processing hardware, including graphics processing units (GPU) and many-core units
(e.g., Intel Phi) o achieve cost effective, massively parallel data analytics

2. Human Centered Data Science Design

Students will develop a deep understanding of the theoretical foundations and hands-on

experience necessary to understand the strengths and limitations of different analytical

methods.

¢ Human Centered Data Science Design combines both the technical (databases, social
networking, data mining, and text mining) and social (economic, ethical, policy, and
political) aspects of data analytics.

o Students will build an understanding of the complex interplay between the decisions
made during the collection, curation, and transformation steps in the information
lifecycle, and their impact on the analytical methods that should be employed.

3. Biotechnology

In addition to the core program objectives, graduates of the Masters of Science in Data
Science and Analytics who pursue the Biofechnology emphasis area will achieve the
following educationa! objectives:

e Pogsess an in depth understanding of the data analytics needs in biotechnology
industry and healthcare systems in the US and worldwide;

o Have the ability to practice their analytic skill sets to applications in agriculture,
human medicine, and health information systems in genomics, proteomics,
phonemics, and electronic medical records;

e Be able to present and interpret their data analytic results with actionable plans in
biotech and healthcare industry.

4. Strategic Communication and Data Journalism
Graduates of the Master of Science in Data Science and Analytics who pursue the
Strategic Comnunication and Data Journalism emphasis area will achieve the following
educational objectives, in addition to the core program objectives.

December 10-11, 2015
OPEN - AS&EA 2-23




e Students will have in-depth capabilities and understanding of big data
management, including gathering and interpreting customer and viewer behavior
patterns and developing strategies to enhance marketing objectives for
organizations and clients.

e Students will have highly-marketable skills in analyzing media markets and will
be able to develop sophisticated methodologies to optimize usage of apps, social
networks, and other technologies for media businesses and brands.

e Students will be able to apply their analytic skills to understanding and optimizing
patterns of search, programmatic advertising buying and behavioral targeting.

o Students will have a deep understanding of issues of privacy and ethics in
obtaining and utilizing data from a broad range of sources.

e Students will be able to obtain and analyze publicly-available data in a variety of
structured and unstructured formats, As such, they will develop an understanding
of open-records laws and how to effectively use them.

o Students will develop the skills necessary to work as a data journalist for a news
organization. '

e As data journalism and data science /analytics are constantly evolving, students
will develop strategies that enable them to continue to learn on the job.

e Students will develop an understanding of their audiences and how to best
communicate with them.

5.B. Program Structure

We propose to offer a 34-credit, online and mixed mode (courses with one campus visit
per academic year) delivery, multidisciplinary Masters degree program in Data Science &
Analytics (DSA). The proposed degree will prepare students with different backgrounds
to become productive data scientists in Missouri and regionally connected industries.
The degree program proposed reflects the diversity of the emerging field of data science
by offering emphases in several different disciplines in advanced data science involving
Big Data. This degree closely resembles a professional degree, with an estimated fime fo
degree of 24 months with an approximate total cost of $35,000 tuition and fees. The
financial structure of the proposal follows the University of Missouri’s online degree
program funding model for returning fees to the Data Science and Analytics program.

The proposed Masters degree in Data Science & Analytics is designed to provide
students the necessary knowledge and skill sets across various disciplines needed to meet
the high industry demand for data scientists. All students will take “Core Courses” that
will provide a foundation of knowledge and an introduction to state-of-the-art
technology in Big Data, database design, data ethics, and visualization of high-
dimensional and high-volume data.

To understand real-world Big Data issues in context, students will select three courses in
an emphasis area. These elective courses will support in-depth analyses and training on
data analytic techniques, issues, and problems students will face within a given Emphasis
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area. Students will take a Case Study course to gain hands-on experience with large data
sets and use the relevant technology and techniques. A Capstone project will enable
students to refine and demonstrate knowledge and skills learned throughout the program.
Both courses will provide students with mentoring from faculty, as well as insight from
industry partners. )

Total credits required for graduation: 34
Residency requirements, if any: None

General education
Total credits for general education courses: 19

Courses (specific course or distribution area and credit hours):

Degree Program Course Offerings

Year 1
Fall Semester Spring Semester
Introduction to Data Analytics (3) Data Mining & Information Retrieval (3)
Database and Analytics (3) Big Data Security (3)
Data and Information Ethics {1) Data Visualization (3)

Summer Semester

Statistical & Mathematical Foundations of Case Studies (3)

Data Analytics (3)
Year 2
Fall Semester Spring Semester
Emphasis Area Course 1 Emphasis Area Course 3
Emphasis Area Course 2 Capstone

Emphasis Area requirements
Total credits specific to degree: 9

Courses (specific course or distribution area and credit houts).

Biotechnology Emphasis High Performance Computing Emphasis
Course ' Hrs Course His
INFOINST 8005 Bivinformatics Tools 3 CMP_SC 7001 Cloud Computing 3
INFOINST 8700 High-thraughput Biomedical | 3 CMP_SC 7001 Big Data Analysis 3
Data Analysis

INFOINST 8720 Biomedical Information 3 CMP_SC 8850 GPU and Multi-Core 3
Mining and Interpretation Computing
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Strategic Communications & Data Human Centered Data Science Design

Journalism Emphasis Emphasis

Course Hrs Course Hrs

JOURN 7263 Interacting Advertising 11 3 IS LT 9410 Mitroduction lo Human Centered 3

' Data Science Design
JOURN 7236 Psychology of Advertising 3 IS LT 7310 Seminar in Human-Compruter 3
Interaction '

JOURN 7248 Media Strategy Planning 3 1S LT 9410 Learning Analytics 3

JOURN 7430 Computer-Assisted Reporfing 3 IS LT 9410 Digital Humanities and 3
' Information

JOURN 7430 Advanced Data Journalism 3 IS LT 9410 Metadata 3

JOURN 7440 Mapping for Stories and 3 IS_LT 9410 Learning Analytics 3

Graphics

Free elective credits
Total free elective credits: 0. All non-core credits are specified by the emphasis areas.

Requirement for thesis, internship or other capstone experience: A three-credit
capstone project is required for graduation.

5.C. Program Design and Content

The curriculum evolved over the course of a two-year program design petiod. The
Exccutive Director and Co-Directors each met with faculty in the core computing
curriculum areas several times during that two-year period, while outlining and
conceptualizing how the curriculum would be mated with program outcomes. The
incorporation of emphasis area program directors, a program advisory board, and a
curriculum committee will ensure the ongoing alignment of new and revised curriculum
offerings with program outcomes. Industry advisory board members will ensure that the
program outcomes remain relevant to industry over time.

The curriculum is described in figure 1, showing the specific sequence that courses in the
program will be offered in. The DSA Masters is divided into three primary curricular
components: Core curriculum, Emphasis Areas and Capstone Project. The sequence was
developed with a few fundamental principles of interdisciplinary education in mind. First,
we need to create a solid base of common knowledge for students with different
backgrounds. The core curriculum serves this purpose. Knowing that the students we
recruit will have diverse experiences and prior education, the first semester of core
curriculum is less technically focused. The second semester is more technically focused.
Second, the emphasis areas then each build on the core skills, helping students focus their
data science knowledge in a particular industry or cross industry specialization. Finally,
the capstone project is an independently executed data science project that combines core
discipline knowledge with emphasis arca knowledge to solve a real industry chailenge.
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5.D. Program Goals and Assessment

Program goals are outlined throughout the other parts of this proposal. Learning
outcomes will be assessed for each course using a combination of pre and post tests,
student surveys and peer reviews of curriculum. Mizzou Online has existing templates
and processes in place for these assessments, and we will build on those. Our aim is
[00% retention, and we expect over 100 graduates annually in years 3 through 10.
Employment projections also suggest that we will experience nearly 100% placement for
graduates of the program.

. 5,E. Student Preparation
The program is designed as an Executive-style graduate program for working
professionals. We expect that students will be currently working in a data science or
analytics related position. The typical DSA student matriculated into the program wifl be
seeking to broaden their exposure to the state-of-the-art tools and techniques of data
science, as well as gain deep technical proficiency applying data science and analytics to
their chosen emphasis arca. We will also accommodate recently graduated students, who
are directly transitioning from an undergraduate degree in a related field (such as
Computer Science, Statistics, etc.). Students seeking admission to the program and
currently working in an industry data-driven job will be expected to have two years of job
experience in data science or analytics. Traditional graduate students, will be required to
meet a minimum GRE score for admission into the program in lieu of industry
experience. Transcripts and letters of reference and support from employers will also be
considerations for admission.
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Given the inherent multidisciplinary nature of data science and analytics, we expect
students to have a diverse background. As such, not all students will have the necessary
fundamental knowledge and skills necessary for a rigorous and thorough program. To
accommodate this diversity, which we consider healthy for the livelihood of the program,
we will provide self-paced learning resources covering key fundamental tools and
techniques. These leatning resources will be in the form of Boot-canip courses for:
e R, the industry-standard, open-source statistical programming language
¢ Python, a widely used procedural and object oriented programming language
s SQL, the industry-standard language to query relational database management
systems
o Linear Algebra, the fundamental mathematical principles upon which much of the
advanced data science and analytical technical concepts are developed
Once students are matriculated into the program, these resources will be made available,
and students will be expected to pass pre-fest during their initial Infroduction to Data
Analytics course.

5.F. Faculty and Administration

MU has strong expertise in computing and informatics, disciplines closely related to Data
Science. The expertise is spread across a number of colleges and departments and is best
organized through the proposed multidisciplinary structure. Relevant research expertise
at MU covers the whole spectrum of computing and informatics and extends into a wide
range of academic programs.

The DSA program.will be lead by two Co-Directors - one for Curriculum and the other
for Industry Relations.

The Co-Director of Curriculum will focus on internal development and coordination of
the program among the collaborating academic units at MU as well as the intra-campus
partnerships. The Co-Director for Curriculum is responsible for coordinating the course
topics and learning objectives, as well as ensuring the emphasis areas are high-quality
and rigorous.

The Co-Director for Industry Relations will focus on external development and
collaboration with industry and business partners. These activities will focus on three
important aspects of the DSA program; 1) the Industrial Advisory Board, 2) the
integration of real-world problems and projects into case-studies and capstone courses,
and 3) effective partnerships with leading big-data cyberinfrastructure companies to
ensure student access to state-of-the-art technologies for course work.

The two Co-Directors will work closely together to assure the program is financially
sound and to continually improve and enhance the program. They will ensure current and
relevant technologies are readily available for course instructors to integrate into learning
modules so that to students receive training on the latest tools, techniques, and
technology.
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Additionally, an Executive Board for the program will be composed of the Executive
Director, the Co-Directors, and one Associate Director for each emphasis arca. The
Associate Directors will represent the emphasis area faculty and offering
department/college. The coordination of the Associate Directors and the core program
directors will ensure that the core courses continue to provide the necessary fundamentals
which enable the optimal delivery of the emphasis area courses.

Industry Advisory Board (IAB)
A board comprised of industry and business experts in companies vital to Data Science
and Analytics has been formed to help assure the program is relevant and responsive to
the marketplace, and help ensure the student’s learning experience is relevant to “real-

world” technologies, problems and challenges.

Industry Advisory Board

Member Fitle Company
Sr. Manager, Quantitative Research and
Harien D. Hays  [Biostatistics Cerner
Steve Rounsley  (Genomics Lead, Seeds and Traits R&D Dow
Tom Henry Chief Data Officer Express Scripts
Glen Schuster SVP and Chief Technology Officer Centene

Paul Pancoast

Physician and Clinician Consulting and
Analytics

Deloitte Consulting

Jordan Tigani

Staff Software Engineer

Google

Chase Davis

Deputy Editor, Interactive News

New York Times

Heather Nelson  {Solution Architect Silicon Valley Data Science
ohn Lee Director, Data & Analytics KPMG
John Everson Director Information Security & Compliance DISH Network
Don Etling Senior VP/ Senior Partner FleischmanHillard
IBM Cloud Academic, Entrepreneur and
Valinda Kennedy |Developer Gladiator IBM
Ray Brown FairCom

anet Roberts

Data Journalist

homson Reuters

The value of collaboration and the criticality of the degree program was noted in one of
the industry representative’s response, when invited to serve on the TAB:

"Through collaborations between Cerner Corporation, the University of Missour,
and the Tiger Institute we have identified the criticality of turning data into action.
As this need continues to grow, it will require a diverse workforce with a
specialization in Data Science to help disrupt the global Health Care crisis. This
workforce will be developed through specialized programs such as the proposed
Masters in Data Science and Analytics degree at the University of Missouri.
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University of Missouri Advisory Board (UMAB)

A board comprised of University of Missouri System members has been formed to
facilitate collaboration within the four-campus University of Missouri System, This board
will be composed of members from each campus, and various schools/departments on

each campus,

to provide DSA program directors with input regarding the needs of the

campuses and the cooperative delivery of the multi-campus degree program.
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Name and position of the individual who will be responsible for the success of this

program

Dr, Chi-Ren Shyu, Shumaker Endowed Professor; Chairman, Electrical and Computer
Engineering; Director, MU Informatics Institute

5.G. Alumni and Employer Survey

(1) Alumni surveys will be conducted annually using a web-based assessment
and evaluation method to determine alumni satisfaction and the scope of employment
positions and industries. A combination of qualitative and quantitative responses will be
used for gathering the information,

(2) A web-based assessment and evaluation method will be used to collect
information from the employers of the graduates to determine the value of the DSA

program.

5.H. Program Accreditation
At present, there is no accreditation of graduate programs in Data Science and Analytics.
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Appendices

Appendix A: Detailed Course Descriptions
Course Description for New Courses

Abbreviated course descriptions for the required data science and analytics courses in the
program curriculum are as follows:

Core Courses

INFOINST 7500 - Introduction to Data Analytics (to be developed)

First course in Data Science and Analytics MS degree and graduate certificate programs.
The objective of the course is to give students a broad overview of the various aspects of
data analytics such as accessing, cleansing, modeling, visualizing, and interpreting data.
Students will have hands on training in Python, R, SAS, SPSS, and other open-source
analytic tools. Concurrent technologies.in Big Data ecosystem will be introduced with
applications in the emphasis areas.

INFOINST/STAT 87550 — Statistical and Mathematical Foundation for Data Analytics
(to be developed)

~ An introductory statistics class designed to build the mathematical foundation for
students dealing with Big Data phenomena. Topics include reviews of probability, data
sampling, data summarization, sampling distributions, statistical inference, statistical
pattern analysis, hypothesis testing, regression, and nonparametric inference. Students
wilt have Big Data projects using R, SAS, or SPSS for their course projects using
Hadoop.

INFOINST 8500 - Database & Analytics (to be adapted for program; moved online)
Covers the Fundamental concepts of current database systems and query methods with
emphasis on relational model and non-relational techniques in Big Data environments.
Topics include entity-relationship model, relational algebra, indexing, query
optimization, normal forms, tuning, security, NoSQL, and data analytics skills in both
relational and non-relational environments. Project work involves modern relational
DBMS systems and NoSQL environments.

IS LT 9423 - Data and Information Ethics (already offered as IS_LT 942.3: Information
Ethics, 3 ct. hr. mixed-mode delivery. IS_LT 9423 Information Ethics will become

“IS LT Data and Information Ethics.” The course will be changed to a modular format
containing a series of units targeted to the different “Emphasis Areas.” Students will
select from the various modules to create a 1 cr. hr, package suited to their Emphasis
Area) Introduces the ethics related to Big Data in industry, business, academia, and
research settings. Students will learn the social, ethical, legal and policy issues that
underpin the big data phenomenon, Discussions and case studies will help guard against
the repetition of known mistakes and inadequate preparation. The course content will
follow the guidelines to be developed by the Council for Big Data, Ethics, and Society.
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INFOINST 8570 — Data Visualization

Data visualization broadly covers transforming multidimensional and time varying
datasets to dynamic visual representations and encodings that facilitate exploratory data
mining, knowledge discovery, improved understanding, summarization, structural
modeling, collaboration and decision making using interactive methods.

INFOINST 8520 — Big Data Security (to be developed)

This course provides and overview state-of-the-art topics in Big Data Security, looking at
data collection (smartphones, sensors, the Web), data storage and processing (scalable
refational databases, Hadoop, Spark, etc.), extracting structured data from unstructured
data, systems issues (exploiting multicore, security). Securing sensitive data, personal
data and behavioral data while ensuring a respect for privacy will be a focus point in the
course.

CMP_SC 8390 - Information Retrieval (Plan to offer online format)

Theory and techniques for the modeling, indexing, and retrieval of text-based and
multimedia databases. Topics include introduction to different information retrieval
models, retrieval evaluation, query languages, query operations, and indexing/searching
methods.

Advanced Corc Courses

INFOINST 8600 - Big Data Analytics Case Study (to be developed)

Using a case-study approach, students will engage in discussions on a variety of big data
topics relevant to their emphasis area and the realm of Big Data. This course will help
students generate ideas and prepare them for the Big Data Capstone

INFOINST 8650 - Big Data Capstone (to be developed)

As a culmination of their data science experience, students will engage in a Big Data
Capstone project, incorporating the theoretical knowledge of coursework learned
throughout the program into a hands-on practical data project. Students will work closely
with faculty mentors and leaders in business, industry, and government to solve real-
world Big Data issues in an applied setting,

Emphasis Areas

Biotechnology Area Courses

INFOINST 7005 - Infroduction to Bioinformatics (Plan to move to online format)
Will provide the introduction to the current directions in bioinformatics through the
computational tools available to research community. Students will learn how to
efficiently apply the tools and software packages as well as analyze and visualize the '
results.

INFOINST 8700 — High-throughput Biomedical Data Analysis (Course to be developed)
To enable students to analyze and understand their own biomedical data, this course will
inctude: large scale microarray data analysis, normalization, hierarchical clustering, k-
means clustering, bi-clustering, GO analysis and Gene Set Entichment Analysis. The
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course will cover tools and techniques for read mapping, analysis of RNA-Seq and ChIP-
Seq data, assembly of short reads into contigs, SNP analysis, as well as emerging file
formats.

INFOINST 8720 — Biomedical Information Mining and nterpretation (to be developed)
Students will learn the principles of data mining techniques for use in biomedical data
analysis, especially in genotype and phenotype analysis. Topics include selection of data
sources, identification of proper data mining algorithms, locating cloud computing
sources using industry standards (IBM BlueMix, Amazon Cloud, etc.), and evaluation
and interpretation of the results with industry-driven tasks.

High Performance Computing Emphasis Arca Course

CMP_SC 7001 (Topic) - Cloud Computing (Adapt to online delivery)

This course will explore the principles that integrate computing theories and
information technologies with the design, programming and application of distributed
systems. The course topics will familiarize students with distributed system models and
enabling technologies; virtual machines and virtualization of clusters, networks and data
centers; cloud platform architecture with security over virtualized data centers; service-
oriented architectures for distributed computing; and cloud programming and

software environments. Additionally, students will learn how to conduct some parallel
and distributed programming and performance evaluation experiments on applications
within available cloud platforms. Finally we will survey research literature and latest
technology trends that are shaping the future of high performance, distributed and cloud
computing. Graduate students enrolled in the course will have a collaborative
programming project using tools and software environments available within real cioud
platforms.

CMP _SC 7001 (Topic) — Big Data Analytics (Plan to move to online format)

This course will cover advanced analytics technologies and techniques that enable
industries to extract information from data with previously unachievable levels of
sophistication, speed and accuracy. Students will learn practical industry best practices
using a current big data analytical platform to bridge the gap between classroom learning
and real world applications.

INFOINST 8750 — GPU and Multi-Core Computing (to be developed)

This course examines the use of special-purpose hardware originally designed for
graphics and games to solve general-purpose computing problems. Graphics processing
units (GPUs) have high peak performance for arithmetically-intensive computations, and
a lower cost than their general-purpose counterparts with similar performance

levels. Students in the course will learn how to develop scalable parallel programs
targeting the unique requirements for obtaining high performance on GPUs. The course
will contrast parallel programming for GPUs with parailel programming for conventional
multi-core microprocessors.
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Strategic Communications and Data Journalism Emphasis Area Courses
JOURN 7263 — Interacting Advertising I (Already offered online}

Goes in-depth on top issues in the interactive process from video advertising to social
networking sites and how to increase campaign performance with web analytics.
Designed for those who want a career in interactive advertising.

JOURN 7236 — Psychology of Advertising

The strategic communication industry is abandoning an outdated and flawed view of
consumers based solely on consumer behavior in favor of a cutting edge approach
grounded in neuroscience called Neuromarketing. This approach has been recognized by
the marketing research industry as one of the fastest-growing segments of marketing
communications research and every major global advertiser is currently either conducting
or systematically investigating the use of this kind of research. The promise of this new
form of strategic communication science is that it provides a more scientifically valid
view of how consumers actually process communications and make decisions by
measuring less conscious brain processes.

JOURN 7248 — Media Strategy Planning

This course will introduce the wild and wonderful world of media planning. It is an area
that is rapidly evolving with new forms of media and measurement. Students will learn
terms used in the indusiry, standard formulas for calculating media value, the process for
developing a media strategy and how to select tactics. Students will be introduced to
working professionals and exposed to industry resources commonly used by
practitioners. They will explore media topics through individual and group work. This
course will also give students the opportunity to practice and polish their writing and
presentation skills which are critical to neatly every aspect of advertising.

JOUR 7430 — Computer-Assisted Reporting (need to change some content and adapt for
online)

Learn how to identify, obtain, evaluate, clean and analyze data, primarily from publicly-
available sources. Students will learn how to turn their data and discoveries into news
stories, information graphics or interactive news applications. In addition, students will
be expected to successfully negotiate for data from government sources.

JOUR 7430 — Advanced Data Journalism (need to change some content and adapt for
online)

The goal of the class is to teach students how to solve problems in journalism using
computer programming. Students will use the python language and Django web
framework. At the end of the semester, students will have the skills to practice data
journalism for a news organization.
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JOUR 7440 — Mapping for Stories and Graphics (need adapt for online and expand to 3
cr.)

Learn how to use geographic data in data journalism. The primary focus is on using
geographic information systems (GIS) to analyze data spatially for news stories. Also,
students will learn how to produce data that can be used for online visualizations.

Human Centered Data Science Design

IS LT 9410 (Topic) — Introduction to Human Centered Data Science Design (already
offered, mixed-mode)

Human Centered Data Science Design combines both the technical (mathematical
modeling, databases, social networking, and text mining) and social (economic, ethical,
policy, and political) aspects of data analytics. Students work through a series of case
studies with real data to develop both the theoretical and hands-on experience necessary
to fill leadership roles in e-science, eResearch, and big data.

IS LT 7310 — Seminar in Human-Conputer Interaction (already offered; to be modified
Jfor mixed-mode)

Increasingly human activity is supported, mediated and enacted through various forms of
computing. Web searches replace visits to the library, ecommerce replaces trips to the
mall, and e-learning replaces going to class. Email, chat and instant messaging
supplement social interaction. Calculators, spell checkers, and other tools support
imptoved human performance. Networked games and digital music are key sources of
entertainment and relaxation. Workplaces are augmented, automated and amplified by
information systems. Through readings, demonstrations and two research projects
students will explore how humans interact with computers and how interactive
technology augments and transforms human activity. Students will build knowledge of
human-computer interaction (HCI), the field and specialties that advance HCI, and the
methods used to design interfaces and study effects of HCL

ISLT 9410 (Topic) — Learning Analytics (alveady offered mixed-mode delivery)

This course on learning analytics will focus on the development of adaptive and
adaptable indicators of learning, subject matter interest, and social engagement in various
technologically mediated learning environments. The emphasis will be placed on the
collection, identification, management, analysis and visualization of behavioral data from
formal and informal learning environments. Examples of the learning environments and
student outcomes measured include Virtual Math Teams, iSocial, Sakai, GitHub, Moodle
and other technologically mediated environments where learning occurs, Students will be
introduced to social network analysis (SNA), Group Informatics, computational
linguistics and Bayesian statistical methods.

Digital Humanities option in Human Centered Data Science Design
Students May select One course from this sequence in place of the Learning Analytics or
Seminar in Human Computer Interaction
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IS LT 9410 (Topic) — Digital Humanities and Information (Already offered, mixed-mode
delivery)

This course on history, philosophy, and methods in the emerging field of ‘digital
humanities’ (DI) focuses on topics at the intersection of information, the liumanities
disciplines, technology, and culture as well as the contexts of the academy, libraries,
archives, museums, and media. Case studies from a range of disciplines highlight the
debates, and show how digital humanities techniques combined with interdisciplinary
approaches from the fields of information and media offer new ways to look at old
problems, and open new research avenues that are not possible using traditional means.

IS LT 9410 (Topic) — Metadata (Already offered online)

Explores principles, standards, and schema for metadata in diverse online environments
to facilitate retrieval and sharing within and between information systems. Emphasizes
the creation and use of metadata for specific purposes by various communities.

IS LT 9410 (Topic) — Learning Analytics (already offered, mixed-mode delivery)

This course on learning analytics will focus on the development of adaptive and
adaptable indicators of learning, subject matter interest, and social engagement in various
technologically mediated learning environments. The emphasis will be placed on the
collection, identification, management, analysis and visualization of behavioral data from
formal and informal learning environments. Examples of the learning environments and
student outcomes measured include Virtual Math Teams, iSocial, Sakai, GitHub, Moodle
and other technologically mediated environments where learning occurs. Students will be
introduced to social network analysis (SNA), Group Informatics, computational
linguistics and Bayestan statistical methods.

Appendix B: Support Letters

The following letters of support are attached to this proposal:
s Chase Davis, Deputy Editor, Interactive News — The New York Tines
« Don Etling, Senior VP/Senior Partner — Fleishman Hillard
o Gary Allen, VP for Information Technology and MU CIO — University of
Missouri System
e Glen Schuster, Sr. VP and CTO - Cenfene
Harlen D. Hays, Sr. Manager, Qualitative Research and Biostatistics — Cerner
Heather Nelson, Solution Architect — Silicon Valley Data Science
John Everson, Director Information Security — Dish Nenwork
John Lee, Director, Data Analytics — KPMG
Paul Pancoast — Deloitte Consulting
Steve Rounsley, Genomics Lead, Seeds and Traits R&D — Dow AgroSciences
Tom Henry, Chief Data Officer & VP — Express Scripts

Valinda Kennedy, IBM Chicago Cloud Academic, Entrepreneur and Dcvelopm
Gladiator — /BM

e ® @& & & 0

Appendix C: Budget and Financial Projections
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@lye New Jork Times

BON Eghih Avonu2
HEW YORK, WY, 10133

september 24, 2ath

Chi-Ren Shyu, PirD,

Diractor, MU informatics Institute
Shumaker Endowed Prafessor
Unlversity of Missourl

Columbla, MO

Or. Shyu

i am writlng to espress my suppart for the proposed Masters In Data Sclence and Analytics. The abllity to
analyze, understand and commurieate findings from data has nuickly grown to be such a fundamental
need, across so many industdes, that not adopting sueh a program would put our students at 2
disadvantage In this increasingly data-driven world,

Many reporters and editors hava 3 saying: "We got into journalism because we're bad at math.” In my
field, the journalism industry, this attitude amounis 1o a dereliction of duty. Beyond the high-profile rise
of data Journafism and its poster-child websites like Mate Silver's FlyeThirtyEight.corm, the abllity to
understand data is eritical 1o navigating a modern newsroom.

Here at The New Yark Times, our newsroom employs data specialists who parse numbers for daily stories,
dig deep into large lovestizatians and build complex data visualizations that draw millions of readers from
around the werld. Cur audience development and analytics teams use sophisticated analytics to track and
model user behavior in order to guide promotional and product decisions. And amang managers and
axaculives, justifying decisions with data is not only encouraged, bot demanded,

fwould be glad to represent the journalism profession on the untversity’s proposed data science industry
advisory board, Even the most ingenious data analysls Is largely useless unless it Is communicated clearly,
which is a strength our industry can offer, Conversely, there is much we can learn about the rlgors of
methodology and engineering. It is my hope that this degree program can equip students with that full
range of skills,

if thera's anything else | can do, don't hesitate to ask,

Sincerely,
.r"-’-'-‘ )
( _,_.-J—“-\.u_x k\ P
= - Y A S

Deputy Editor, Interactive News
The New York Times

Cell: 713.677-1850

E-mall: chase.davis@nytimes.com

December 10-11, 2015
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Donald G. Etling

Senfor Vice President & Senior Partner

‘QOctober 19, 2015

Chi-Ren Shyu, Ph.D.

Director, MU Informatics Institute
Shumaker Endowed Professor
University of Missourd

Columbia, MO 65211

Dr. Shyu:

Let me lend my wholehearted support for the development of the proposed Master's of Science
in Data Science and Analytics at the University of Missouri.

We are living In an era of tectonic shifts in the way information is conveyed and received.
Businesses in every sector are trying to determine how to create a meaningful dialogue with the
various stakeholders who ultimately determine their success or failure ... and how to determine
the effectiveness of their pald, earned and owned communications. In this dynamic
communications environment, data and analytics have become corporate imperatives.

| feel it is vital for the University of Missourl — whose cornerstone is the world's preeminent
school of journalism — to be fully engaged in this mission-critical discipline. We owe it to the
students of the University of Missouri system -- especially in business and communications -
to offer this curriculum and the educational resources that will support it. '

| applaud you for advancing this important effort. And | sincerely appreciate the opportunity to -
serve on the Industry Advisory Board that will support it. | believe my company - and many
others — will be willing partners in this endeavor.

Feel free to contact me if you have any questions.

Sincerely,

Ol A EXC

Donald G, Etling

Senior Vice President/Senior Partner
FlelshmanHillard Inc,

Email: etlingd@fleishman.com
Phone Contact: 314-420-7746

December [0-11, 2013
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September 25, 2015

Chi-Ren Shyu, Ph.D.

Director, MU Informatics Institute
Shumaker Endowed Professor
University of Missouri

Columbia, MO

Chi-Ren:

I wish to convey my congratulations on having met the challenge of submitting a degree
program proposal for a M.S. in Data Science and Analytics. The increasing demand for these
skiils and abilities have been affirmed through many conversations with my colleagues
across academe and with business and industry {such as the KC Area Life Sciences Institute).
And, of course the ‘Big Data’ challenge has gained a great deal of media attention. The ability
to effectively understand data and convert it into information is vital to our economic
success; and | am pleased we will offer a program that is fiexible, multifaceted, rigorous, and
intertwined with business and industry.

| am particularly pleased that the shared vision of the many faculty and staff who comprise
MU’s Cyberinfrastructure (Cl) Council is taking this major step forward. The criticality of this
area of study was acknowledged in MU’s first Cl Plan
https://doit.missouri.edu/services/research/ci/.

| completely support the vision that this degree program can effectively span the four
campuses of the University of Missouri — System. Serving as Vice President of Information
Technology for the UM-System, and Chief Information Officer for MU, 1 pledge my time,
energy, and influence toward an effective multi-campus collaboration. At the same time, |
completely agree with the approach of implementing the degree at MU first. Implementing a
new multidisciplinary degree program in a period of fiscal shortfalls will provide sufficient
challenges, once the model is functioning it can grow to include the other campuses.

Pl

The quality of companies within business and industry who have agreed to serve on the
Industry Advisory Board is impressive. Their input will help guide the development of the
degree program, and help ensure its connections and relevance. Including representatives of
all of the University of Missouri campuses on your Industry Advisory Board is an excellent
idea. | am confident this participation, the dedication of the faculty, and MU’s multi-
disciplinary culture will make the program a success.

Division of IT staff enjoy effective collaborations with a large number of MU researchers who
share in the challenge of funding and sustaining MU’s research cyberinfrastructure. We take
pride in MU having been designated by internet2 as one of the select Innovation Campus
Pilot Sites, and we are grateful to the National Science Foundation for the funding which
enabled the Science DMZ infrastructure with support for software-defined networking, as
well as the 100 GE interconnectivity. Our collaborations result in much more than equipment
— such as the Cl Engineer position to provide the technical expertise, researcher
engagement, and leadership in the effective use of shared research cyberinfrastructure.
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Researcher efforts to build an experimental test bed have allowed us to scientifically investigate how to
adopt ‘hybrid cloud computing’ technologies into our campus cyberinfrastructure. We are able to
discern the most economically-sustainable and best approaches to meet the research and education
needs of MU’s diverse data-intensive science applications. Our success is a result of collaboration, and
we look forward to participating in the new program.

| take pleasure reflecting back a few years to the most recent degree program ! supported -~ MU’s PhD in
Informatics which has heen extremely successful — thanks to you! Your dedication, enthusiasm, and
energy have helped MU acquire much-needed computing gear and helped create an informatics
community. | commend your leadership and tenacity which achieved this degree program proposal.
With the shared leadership you have identified, | am confident you can help guide the proposed
program’s leadership toward success and sustainability. | compietely support this proposed M.S. in Data
Science and Analytics, and look forward to working together to make it a reality.

Sincerely,

Gouy L Alle—

Gary K. Allen, DVM, PhD

Vice President for Information Technology and

MU Chief Information Officer

Executive Director, University of Missouri Bioinformatics Consortium

December 10-11, 2015
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September 25, 2015

Chi-Ren Shyu, Ph.D.

Director, MU Informatics Institute
Shumaker Endowed Professor
University of Missouri

Columbia, MO

Dear Dr. Shyu:

The healthcare industry is evolving, with significant pressure to reduce costs and more efficiently manage resources
while improving patient care. With rising rates of chronic disease, aging populations, changing consumer
expectations and payment innovation initiatives, we are responsible for increasing insight and actionable
intelligence from healthcare big data. In moving to a data-driven healthcare organization, data scientists are critical
in helping us analyze the wide berth of data captured. This will allow us to determine what is happening right now to
patient, staff and population profiles, as well as financial, clinical and operational processes.

Data science and the development of the Master of Data Science and Administration degree are timely and
essential for the healthcare industry to effectively pivot in response to these trends. Data volumes and the speed at
which data is moving are increasing as the industry moves toward electronic data capture systems (i.e. electronic
medical records), and digitization and consumerization of heaithcare information.

| am honored to represent Centene Corporation on the Industry Advisory Board. As a Fortune 500 company,
Centene provides a portfolio of services to government-sponsored healthcare programs, focusing on underinsured
and uninsured individuals. We serve 4.6 million members across the country, with an accompanying load of data
from various stakeholders. We look forward to partnering with the University of Missouri to advise and guide a data
science program that is in sync with the ever-changing healthcare industry.

Respectfully yours,

Glendon Schuster

Chief Technology Officer
Centene Corporation
7700 Forsyth Boulevard
Clayten, Missouri 63105
(314) 505-6191

7700 Forsyth Boulevard CENTENE.COM
St. Louis, MO 63105

314-725-4474 December 10-11, 2015
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2800 Rockcreak Parkway
Kansas City, MO 64117
816.201.1024 '

816.474.1742 7
September 22, 2015

Chi-Ren Shyuy, Ph.D.

Director, MU Informatics institute
Shumaker Endowed Professor
University of Missouri

Columbia, MO

Dr. Shyu,

| am pleased to convey our support for the creation of the Masters in Data Science and
Administration degree at the University of Missouri. Through numerous collaborations, your
work in this field has positioned your program and University of Missouri to make an impactto a
variety of fields. We look forward to working with you in this capacity.

Through coflaborations between Cerner Corporation, the University of Missouri, and the Tiger
Institute we have identified the criticality of turning data into action. As this need continues to
grow, it will require a diverse workforce with a specialization in Data Science to help disrupt the
global Health Care crisis. This workforce will be developed through specialized programs such
as the proposed Masters in Data Science and Administration degree at the University of
Missouri and through on the job training in industries such as Health Care.

In addition, | would be honored to serve on the Industry Advisory Board for this program. 1
believe that my insight into the world of Big Health Care Data will provide ample guidance and
challenge for the program and its students.
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Chi-Ren Shyu, Ph.D.

Director, MU {nformatics institute
Shumaker Endowed Professor
University of Missouri

Columbia, MO

Dr. Shyu,

| am delighted to hear that my alma mater, the University of Missouri, is creating a Masters in Data Science .
and Administration program.

I have always been grateful for your leadership when | was your student at Mizzou. You provided many
opportunities in our Computer Science program to develop new skills, research cutting edge technologies,
and solve real world problems. Since then, | have moved onto a successful career in Data Science
Consulting that was largely made possible because of your mentorship. | therefore have every confidence
that you are the right person to successfully create and guide the Masters in Data Science and
Administration program.

My company, Silicon Valley Data Science, is an elite data science and engineering consuiting firm. Data is
at the core of our business. Data has become the new frontier for businesses that want to gain a
competitive advantage. Therefore, our firm helps companies become data-driven through & full life cycle
of services in data strategy, data architecture, data sclence, and data engineering. Demand for the Data
Science skillset is growing rapidly making those with the right leadership and technical skills extremely
valuable in the job market.

| would be honored to serve on the Industry Advisory Board. It is a wonderful opportunity to partner with
a like-minded organization to further the data science profession. Since my company is quickly growing
we are also actively recruiting talented individuals in data science,

Thank you again for the opportunity. } am looking forward to seeing what is next to come for the Masters
in Data Science and Administration program.

Sincerely,

Heather Nelson

Solution Architect, Silicon Valley Data Science
heather@svds.com

314-413-2106
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DISH Network LL.C.
9601 S. Meridian Bivd. Engfewood, CO 80112
i 803.723,1000

John Everson

Director, Information Security
John.eversongdish.com
720-256-3811

September 256, 2015

Chi-Ren Shyu, Ph.D.

Direclor, MU Informatics Institute
Shumaker Endowed Professor
University of Missouri

Columbia, MO

Dr. Shyu

Thank you for the opportunity to participate on the Industry Advisory Board for the proposed Masters in
Data Sclence and Administration program. | believe this will be a good program for both the University of
Missouri as well as companies like Dish Network who hire MU graduates.

No one can deny the importance of data science and analytics in todays world of connected devices,
social platforms, mobile and web appplications and the ever increasing amounts of information that are
being produced by these systems, In the case of Dish Network, we have volumes of information that we
need to analyze as we look for opportunities to upsell customers, determine new offers, predict
viewership, oplimize advertisement placements, etc.

On a more selfish front, my team uses dala analytics {o identify new threats from a cyber security
perspective as well as from a fraud perspective. This is becoming more and more difficult to do as our
technology systems and information moves from the traditional on-premise environments to "the cloud”
which increases our exposure and overall risk while minimizing our ability to track and correlate activity.

urposg of this lelter is to convey my desire to parlicipate on the board and te express my interest in
aring my iRsight as well as the needs of Dish Network which | feel will enrich the program and create
graduates whb understand what companies like Dish are facing today and in the future.

John Everson
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KBMG LLP Tetephone -+1 349 885 5400
Suite 700 Fax +1949 885 65410
20 Pacifica Intarnet whans.us.kpmg.con
Irving, CA 92818-3301

Chi-Ren Shyuy, Ph.D.

Director, MU Informatics Institute
Shumaker Endowed Professor
Unlversity of Missouri

Columbia, MO

Dear Professor Shyu,

We support your effarts to create a Masters in Data Science and Administration. We believe this Is a key
step for your university to meet the needs in industry, and to build its presence in this growing
interdisciplinary area. This would provide the bridge between the traditional fields of statistics,
mathematics, and computer science that is needed to enable your students to compete in the new data-
driven economy.

Data & Analytics is becoming a key component of how business is done, and is a fundamental part of
competition itself, There are numerous studies that demonstrate the growing need of data & analytics
for companies to remain competitive, and we have seen first-hand the march that organizations from
data naive, to having analytics drive their business decision making.

We are proud to have a graduate of the University of Missouri playing an integral role in our team,
KPMG’s Data & Analytics Center of Excellence. We hope to help shape the success of this program,
through our experiences in recruiting Data & Analytics professionals, and our experiences working with
clients. As a professional services organization, we are able to see trends that cut across clients and
industries, which may provide us a view on the evolving needs of organizations. This support may be
through assisting in the development of the curriculum, helping to provide projects to students, and
potentially additional areas as needed.

We look forward to working with your organization in the future,

Sincerel

Jphn R Lee, PhD
tor, Data & Analytics
KPMG LLP

(949) 885-5446
johnhlee@kpmg.com

RPLIG LLP 1: o Dol a2 Bnited Tabilic; 15 in0rshiy, December 10-11, 2015
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Paul E Pancoast, MD, MBA
Healthcare Practice, Deloitte Consulting LLP

100 S. 4th St, Ste. 300, St. Louis, MO 63102
Office: (314) 342-3152 | Fax: (888) 610-2919 | Mobile: (214) 799-6073
ppancoast@deloitte.com | www.deloitte.com

Sept 21, 2015

Chi-Ren Shyu, Ph.D.

Director, MU Informatics Institute
Shumaker Endowed Professor
University of Missouri

Columbia, MO

Dear Chi-Ren;

1 am pleased and honored to be able to support the proposed Masters in Data Science and Administration
degree at the University of Missouri. My experience as a practicing physician for 15 years, combined with
my post-doctoral training in Medical Informatics at the University of Missouri and the past 10 years
working both as the CMIO of a healthcare system and as a healthcare consultant has shown me the
growing need for scientists, clinicians and healthcare operations/executive administrators to have deep
knowledge in healthcare analytics. | began my consulting career working with clinical information systems
and clinician adoption, but rapidly progressed to using both structured and unstructured data to drive
improvements in healthcare. Most of my time now is spent working with Provider Analytics and Cognitive
Computing, looking at how we can make best use of our healthcare resources. We desperately need more
people who understand how to use data to drive performance as we move through the journey towards
reimbursing for value rather than volume.

I fondly remember learning the basic tools of computer science from the knowledgeable and dedicated
instructors at Mizzou, including your own expert tutelage in databases, knowledge representation and
knowledge extraction techniques. | have followed your exceptional career with admiration and pleasure,
and am honored to be able to work with you and your team. | believe that your deep and broad expertise,
your incredible research experience, and your love of teaching makes you uniquely qualified to lead this
admirable effort to create, lead and drive this program to success and sustainability.

In a sentence or two express your support for the proposed Masters in Data Science and Administration
any why it is important for the University of Missouri to offer this degree. Perhaps convey your confidence
that Chi-Ren has the knowledge, experience, and connections to help create the program; and then help
guide the proposed program’s leadership toward success and sustainability. In my current work, we help
large national healthcare providers, research supporters {NIH and others), and even international
Ministries of Health to develop foundational information management strategies and platforms, as well
as to facilitate / develop / deploy large-scale analytics applications for key issues such as translational
medicine, personalized medicine, genomics, population health, operations improvement, and many
similar issues.

Deloitte Consulting, LLP encourages our personnel to be locally active and to make a difference in our
communities. Serving in this capacity as a member of your Industry Advisory Board should allow me to
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give back to Columbia, to Mizzou, and to the Mid-Missouri region for the benefits | have gained through
my residence, my own training, and my children’s education through the University. | believe this sort of
educational, didactic and practical training will benefit us all, and will help us be more competitive in the
region.

I look forward to continuing our friendship and professional connections.

Sincerely,

/;“/ gleﬁdiﬁﬁgxw_

Paul E Pancoast, MD MBA

Deloitte Consulting Healthcare Practice
Provider Analytics and Cognitive Computing
214-799-6073

ppancoast@deloitte.comi
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Dow AgroSciences

Dow AgroSciences wwnw.dowagro.com
9330 2jonsville Road Indianapolis, IN 46268 USA

Chi-Ren Shyu, Ph.D.

Director, MU Informatics institute
Shumaker Endowed Professor
University of Missouri

Columbia, MG

Septemher 22, 2015

Dr. Shyu

'm writing to express my strong support for the establishment of the proposed Masters in Data Sclence
and Administration at University of Missouri. This program s very timely as the training it would provide
to students will enable them to bring highly relevant skills to an increasingly complex workplace. In our
recent discussions, | was impressed by your vision for the program — both the specifics of the training,
and the breadth of opportunities it will provide to the students in a range of industries. | am confident
the program will flourish under your leadership.

In the agricultural biotechnology industry, your students will be highly sought after. Every facet of our
industry is benefiting from the ease of collecting and using data at volumes, and speeds never seen
before. This creates incredible opportunities for every company, but requires a workforce that is
comfortable operating in such data-rich environments, and facilitating data-driven decisions to create
products that will help provide a sustalnable agricultural system that must support the growing
population of our planet,

i am happy to serve on the Industry Advisory Board and will provide whatever help | can to shape the
program for success. | see this as a great opportunity to influence what kind of future employees we
may be hiring from Mizzou. Personally, |1 look forward to stimulating interactions with your faculty,
students and the fellow Advisory Board members,

Please don’t hesitate to contact me if | can be of assistance as you begin this exciting program,

Best wishes

Steve Rounsley, PhD.
Genomics Leader,
Dow Agrosciences, LLC
sdrounsley@dow.com
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October 10, 2015

Chi-Ren Shyu, Ph.D.

Dlrector, MU Informatics institute
Shumaker Endowed Professor
Unlversity of Missouri

Columbia, MO

Dear Dr. Shyy,

I am honored and excited to assist in your efforts to establish a Masters in Data Science and
Administration degree program at the University of Missouri. The Bureau of Labor Statistics projected
Job growth for Data Scientists and Statisticlans of nearly 27% between the years 2012 and 2022. This
nearly triples the 11% projected growth for all other occupations during the same period. Individuals
possessing advanced degrees in Data Science are in high demand, and demand is growing.

Nowhere s that more true than where | work at Express Scripts. We are the nation’s largest pharmacy
benefit manager, responsible for putting medicine within réach of 85 million Americans. Actionable data
from the 1.3 billion prescriptions we manage allow us to practlce pharmacy smarter, making medlcine
mote affordable and accessible.

For example, my team is currently developing Express Scripts’ next generation of advanced analytics
capabilities, the foundation for the future of personalized medicine, We are leveraging non-traditional
member health data and advanced cognitive computing capabllities to predict individual patient health
outcomes. This new platform will take Express Scripts beyond predicting segmented member behaviors,
to identifying the probabillity of an Individual being diagnosed with a chronic disease or having an
adverse health event within a specific period of time.,

These next generation analytic capabilities will allow Express Scripts to focus on specific individuals for
Intervention or education, and not only improve the individual’s health and quality of life, but also avold
healthcare costs associated with unnecessary treatments or events like hospital admissions, oplate
dependency and specialty drug spend. .

Our success in creating, maintaining and evolving the next generation of advanced healthcare analytics,
the foundation for personalized medicine, will depend heavily on the expertise and leadership of
exceptional Data Sclentists. |look forward to working with you to help establish a pipeline of talent for
Express Scripts and the healthcare industry,

ncotely,

L
om He
Chief Data Officer & Vice President, Knowledge Solutions
Express Scripts, inc.

One Express Way
St Louls, MO 63121

Public nfermation
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Valinda Scarbro Kennedy
71 S Wacker, 7" Floor
Chicago, 1L 60606
vscarbrofdus.ibm.com
630.747.8807

October 13, 2015

Chi-Ren Shyu, Ph.D.

Director, MU Informatics Institute
Shumaker Endowed Professor
University of Missouri

Columbia, MO 65211

Dear Dr. Shyu,

It is great to hear the about the proposed Master’s of Science in Data Science and Analytics the
University of Missouri is planning to develop.

Based on our experience this is a key program needed by our clients around the world, IBM is
pleased to work with the University of Missouri to offer this degree. In support of your program,
IBM will make available to your faculty the IBM Academic Initiative (hitp:/www-
304.ibm.cony/ibm/university/academic/pub/page/academic_initiative ) and the assets in it such as
the Academic Initiative for Cloud Program to provide access to industry resources in this degree,

Having worked work Dr, Chi-Ren Shyu this will be an exciting and engaging program for the
students as he has the knowledge, experience, and connections to help create the program and then
guide the proposed program’s leadership toward success and sustainability.

I ook forward to serving on the Industry Advisory Board.

fw Neake Mo

Vatinda Scarbro Kennedy

IBM Cloud Ecosystem Development
Business Programs Manager

Email: vscarbro@us.ibim,.com
Mobile/Text: 630-747-8807
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Fram: ‘ Harmon, Cindy S, (Curators)

To: Whitehurse, Jessica S.
Subject: RE: MS Data Science and Analytics
Dates: Monday, December 14, 2015 3:04:19 PM

Dear Jessi,
The recommendation below was approved by the Board of Curators on December 10, 2015.

Sincerely,
Cindy Harmon
Secrelary of the Board of Curators

From: Whitehurse, Jessica S.

Sent: Wednesday, December 02, 2015 1:52 PM

To: Harmon, Cindy S. {Curators) <harmonc@umsystem.edu>
Subject: MS Data Science and Analytics

MS Data Science and Analytics, reviewed by Steve, ready to go.

Thanks!
lessi

Jessi Whitehurse

Project/Program Coordinator t

Office of Academic Affairs, Research and Economic Development
University of Missouri System

BOARD RECOMMENDATION
ACADEMIC, STUDENT AND EXTERNAL AFFAIRS COMMITTEE

December 1, 2015

TO: Robert Schwartz, Interim Vice President for Academic Affairs, Research and Economic
Development

‘SUBJECT: The University of Missouri-Columbia Proposes a New Master’s Program in Data
Science and Analytics, to begin in the Fall Semester of 2016, for Approval at the
December 10-11, 2015, Board of Curators Meeting

1 recommend that the item listed below be submitted to the Academic Affairs Committee for
consideration, and to the Board of Curators for approval at the December 10-11, 2015, Board of
Curators

Meeting:

1) The MS Program in Data Science & Analytics is a 34-credit hour course with mixed delivery
modes ‘ s
including online. The program addresses the MU strategic goal of “implementing innovative




curricula that feature MU?s interdisciplinary approach to problem solving” and “recruit and retain
the best traditional, nontraditional, and distance students.” The program is designed in a way as to
allow the other three campuses to begin offering the course as soon as the foundational program at
MU is up and running. This gives the program a unique advantage in its leverage of all four
campuses.

The faculty of the University of Missouri-Columbia, therefore, recommends to the President and to
the

Board of Curators of the University of Missouri that a new MS Program in Data Science & Analytics
be

established to begin in the fall semester of 2016.

Approved:
Henry C. Foley, Interim Chancellor




